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Advantage for Word Processing
during ReadingA recent study using a novel saccade-contingent display-change technique to
control the presentation of text to each eye shows a binocular advantage for
both foveal and parafoveal processing of words during natural reading.Kevin Paterson
Being able to read is crucial for
functioning effectively in everyday life.
Most individuals read binocularly;
consequently, for the vast majority of
individuals, normal reading requires the
precisely coordinated rotation of the
two eyes so that the eyes make
conjugate saccadic movements along
lines of text. These saccades tend to be
relatively short, lasting approximately
20–30 ms and spanning about 7–9
letters, roughly 2 of visual angle, when
silently reading in alphabetic languages
like English [1–3]. Each eye movement
ends in a brief fixational pause
(averaging 250–300 ms), during which
both eyes acquire visual information
that is used rapidly to establish the
identity of individual words in the text.
Variability in the length of these
fixational pauses reflects the ease with
which words can be identified, and
words that are more familiar to the
reader typically will receive shorter
fixations. The length of the fixational
pauses is therefore sensitive to
cognitive processes that underlie the
real-time recognition of words during
reading.
The superiority of binocular over
monocular viewing has been
demonstrated in a range of
non-reading tasks, and this binocular
advantage is attributed to the neural
summation of the visual input to
each eye [4,5]. However, the
importance of binocular viewing for
reading has largely been overlooked;indeed, it is only very recently that
researchers have examined the role
of the two eyes in reading, focusing on
the efficiency with which the
oculomotor system coordinates
saccadic eye movements [6–8]. This
research has shown that locations
of the two eyes’ fixations are
generally well-coordinated and that the
average disparity in these locations is
less than the span of two character
spaces for skilled adult readers,
although on rare occasions the eyes
fixate locations that are much further
apart, sometimes even on different
words in a sentence. There are,
however, indications of a binocular
advantage in reading from research
showing that the coordination of the
two eyes differs during binocular
compared to monocular reading and
that fixational pauses are shorter
during binocular reading [9].
As they report in this issue of
Current Biology, Jainta et al. [10]
addressed this issue more fully using a
novel saccade-contingent display-
change technique in which the
presentation of text was either
monocular or binocular throughout
reading, or precisely controlled
using high-speed shutter glasses so
that the presentation changed from
binocular to monocular (or vice versa)
in real-time, triggered by the reader
making a saccade that crossed an
invisible boundary in the text.
Participants were unaware of this
change but, as I will explain in
more detail below, the duration offixational pauses on a designated
target word in each sentence showed
that the usual advantage for more
familiar words was obtained during
binocular, but not monocular,
presentations. This led Jainta et al. [10]
to conclude that denial of a unified
visual signal derived from binocular
inputs disrupts the lexical processing
of words and thereby impairs the
normal efficiency of reading.
A central concern for eye movement
research has been to establish what
eye movements can reveal about the
underlying cognitive processes in
reading. A substantial body of evidence
([11,12], for reviews, see [1,2]),
supported by computational models
of eye movement control during
reading [13–15], shows that the
duration of fixational pauses on words
is sensitive to the ease with which
words can be identified. The familiarity
of a word to the reader is of particular
importance to this process. Indeed, a
fundamental assumption of the E-Z
Reader model [14,15] is that the
decision about when to move the eyes
during reading is governed by a
process that establishes whether a
word is familiar and so likely to be
identified imminently.
A reader’s eyes usually will dwell for
momentarily longer on words that have
a lower frequency of usage in text and
so are less familiar to the reader. This
difference in the length of fixational
pauses for words with a higher rather
than lower frequency of usage is
described as the word frequency effect
and is considered to be a hallmark of
lexical processing during reading [1,2].
Disruption to the word frequency effect
is associated with impairment to the
normal process of word identification,
and typically is observed when the
visual quality of text is degraded
[16–18]. For this reason, Jainta et al.
[10] used the word frequency effect as
a diagnostic of the efficiency of
processing word identity during
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Figure 1. The saccade-contingent display-
change paradigm used by Jainta et al. [10].
The participant makes a sequence of sac-
cades separated by brief fixational pauses
as they read text. The presentation of
this text is either monocular or binocular
throughout reading, or the presentation is
rapidly changed from binocular to monocular
(or vice versa) as a saccade crosses an
invisible boundary in the text.
Dispatch
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was that if a monocular cost disrupts
normal processes of word
identification, a diminution in the word
frequency effect will be observed for
monocular relative to binocular
presentations. This was investigated
by placing carefully selected target
words that had either a relatively high
or low frequency of usage into
sentence frames and obtaining
measures of eye fixation times for these
words under monocular and binocular
reading conditions.
An important further concern for the
Jainta et al. [10] study was to
determine whether the binocular
advantage was observed only during
foveal processing, or also parafoveal
processing, of target words. Foveal
processing refers to processing that
takes place once a word is fixated and
therefore perceived in foveal vision;
parafoveal processing refers to the
pre-processing that takes place while
the reader is still fixating text to the
right of the target word and the target
word is perceived only in parafoveal
vision. Eye movement studies using
the boundary paradigm [19] have
shown that an element of word
pre-processing occurs while a word is
still in parafoveal vision (for reviews
see [1,2]). In this paradigm, an invisible
boundary is placed in the space
before the target word. Prior to the
reader making a saccade that crosses
this boundary, the target word is
displayed either correctly or
incorrectly. As the reader’s eyes cross
the boundary, however, a rapid
display change is made (typically
within about 10 ms) so that the word isnow shown correctly. Research
using this paradigm has shown that,
when readers receive a valid
(correct) parafoveal preview, they
spend less time subsequently fixating
the word compared to when the
preview is invalid. The indication,
therefore, is that readers engage in
parafoveal pre-processing so that
they acquire information about the
identity of the word to the right of
fixation and use this to facilitate
subsequent foveal processing of that
word.
Jainta et al. [10] used a novel variant
of the boundary paradigm (Figure 1)
in which text was presented either
monocularly or binocularly prior to the
reader’s eyes crossing an invisible
boundary located in the space to the
left of the designated target word, upon
which the mode of presentation either
remained unchanged or was switched.
This enabled the authors to isolate
effects occurring during parafoveal and
foveal processing of words. They
assessed parafoveal processing of the
target words by comparing the size of
the word frequency effect for binocular
compared to monocular previews
under the same (binocular or
monocular) foveal presentation
conditions. When foveal presentation
of the target words was binocular, a
monocular preview produced a smaller
word frequency effect relative to a
binocular preview. Correspondingly,
when foveal presentation of the target
words was monocular, a word
frequency effect was observed for
binocular but not monocular previews.
This revealed a binocular benefit and
monocular cost for parafoveal
processing.
Following the same logic, Jainta
et al. [10] assessed foveal processing
by quantifying the cost associated
with monocular relative to binocular
presentation of the target words
when the parafoveal preview was
identical. When the preview was
binocular, the word frequency effect
was diminished for monocular
compared to binocular target word
presentations. Correspondingly, when
the preview was monocular, a word
frequency effect was obtained for
binocular, but not monocular,
presentations of the target words.
This eye movement experiment
therefore provides novel evidence that
a binocular advantage is obtained
during both foveal and parafoveal
processing of words while reading.These findings reveal for the first
time that the benefit for binocular
over monocular reading extends
beyond the visual processing of text to
influence higher-order cognitive
processes involved in word
recognition. It will be important for
future research to establish if the
poorer reading ability observed in
conditions, such as amblyopia,
which cause problems of binocular
vision [20] is associated with impaired
lexical processing of words during
reading.References
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Restore Mitochondrial DysfunctionMitochondrial dysfunction is strongly associated with aging. A recent study
shows that reduced nuclear SIRT1 activity initiates age-related mitochondrial
decline through a signaling pathway that perturbs expression of genes
encoded by mitochondrial DNA. This reversible pathway has potential
anti-aging therapeutic value.Brooke E. Christian1
and Gerald S. Shadel1,2,*
Mitochondria are complex cellular
organelles that produce ATP
through the process of oxidative
phosphorylation (OXPHOS), and
there is strong evidence supporting
a causative role for dysfunctional
mitochondria in aging [1,2]. However,
the underlying mechanism of this
age-dependent mitochondrial demise
remains unclear. One explanation
that derives from the marriage of
the so-called ‘mitochondrial’ and
‘free radical’ theories of aging [3,4]
is that reactive oxygen species
(ROS) produced aberrantly during
mitochondrial electron transport
damage mitochondrial components,
including the resident mitochondrial
DNA (mtDNA). Because mtDNA
encodes essential OXPHOS protein
subunits [5], ROS-mediated mtDNA
damage and mutagenesis would
therefore disrupt OXPHOS complex
assembly and, in turn, lead to
enhanced ROS production, which
underlies increased mitochondrial
damage, cellular oxidative stress,
and tissue dysfunction that promote
aging [6] (Figure 1). However, this
theory is likely an oversimplification,
and the critical question of which
age-dependent cellular changes
precipitate the initial decline in
mitochondrial OXPHOS remains
unanswered. Now, a recent study
by Sinclair and colleagues [7] has
shed new light on this issue by showing
that alterations in nuclear gene
expression due to reduced activityof the deacetylase SIRT1 may be the
culprit. Importantly, they also show
that, by activating SIRT1 enzymatic
activity (via increasing NAD+ levels),
age-dependent mitochondrial
dysfunction, and the pathology it
promotes, could be reversed.
TounderstandhowSIRT1-dependent
changes in nuclear geneexpression can
affect mitochondria, it is important to
recall that a vast majority of thew1,500
mitochondrial proteins are encoded
by nuclear genes and imported after
synthesis in the cytoplasm. That is,
only 13 (of thew80) essential OXPHOS
subunits are encoded by the maternally
inherited mammalian mtDNA, along
with 2 rRNAs and 22 tRNAs needed
to translate the mtDNA-encoded
mRNAs on dedicated mitochondrial
ribosomes [5]. Furthermore, all
protein factors needed for expression
and maintenance of mtDNA are
nuclear gene products [8]. This
situation dictates the necessity for
signaling back-and-forth between
mitochondria and the nucleus to
ensure proper mitochondrial function
and homeostasis [9]. In fact, it is
miscommunication in one such
pathway that Gomes et al. [7] propose
is at the heart of mitochondrial
OXPHOS failure with age. Specifically,
these authors show that, in aging
mouse skeletal muscle, the expression
of mtDNA-encoded, but not
nucleus-encoded, OXPHOS subunits
is initially reduced. Most cells contain
many copies of the circular 16.5 kb
mtDNA molecule and these authors
found that aging muscle has
significantly reduced mtDNA copynumber, but no obvious changes in
the amount of mitochondria. The
ultimate explanation for this result was
that TFAM, a crucial nucleus-encoded
transcription factor required for
activationofmitochondrial transcription
and packaging of mtDNA [5], is
misregulated. Intriguingly, these
age-related changes in mitochondrial
homeostasis were largely recapitulated
in SIRT1-deficient muscle and in
culturedmyoblast cells inwhich nuclear
pools of NAD+ (an enzymatic co-factor
for SIRT1) were reduced. Thus,
mitochondrial dysfunction is perhaps
not initiated by ROS damage, but rather
by a defect in nuclear–mitochondrial
signaling (i.e. decreased expression
of the nuclear TFAM gene due to loss
of nuclear SIRT1 activity; Figure 1).
As discussed by Gomes et al. [7],
an established mechanism by which
SIRT1 regulates mitochondria is
through deacetylation of PGC-1a, a
nuclear transcriptional co-activator
that stimulates expression of nuclear
genes involved in mitochondrial
biogenesis, including TFAM [10].
Perhaps surprisingly, this is not the
pathway that is disturbed initially in
aging skeletal muscle. Instead, Gomes
et al. [7] provide strong evidence that
the SIRT1-dependent disruption of
TFAM gene expression is mediated
by stabilization of hypoxia-inducible
factor 1 alpha (HIF-1a), which in turn
inhibits the ability of c-Myc to activate
the TFAM promoter. Interestingly,
this did not involve modification of
the acetylation status of HIF-1a, but
rather downregulation of its negative
regulator, the von Hippel-Landau
protein (VHL). Control of mitochondrial
biogenesis, TFAM, and other critical
components of the mitochondrial
transcription machinery (e.g.
mitochondrial RNA polymerase and
the mitochondrial ribosomal protein
L12) by c-Myc has been documented
in previous studies [5,11,12]. Thus, it
is likely that TFAM is not the only target
of the proposed age-dependent
SIRT1–HIF-1a –c-Myc pathway that
